Transcription factor AP-2␤ is implicated in playing an important role during embryonic development of different parts of the brain, eg, midbrain, hindbrain, spinal cord, dorsal and cranial root ganglia.
AP-2 is a family of different, yet closely related, proteins that are translated from different genes. Three different isoforms of AP-2, ie, AP-2␣, AP-2␤ and AP-2␥ (the latter has also been referred to as AP-2.2) have been identified. [4] [5] [6] [7] All three proteins have a unique modular structure consisting of an amino-terminal proline-and glutamine-rich transcriptional activation domain and a complex helix-span-helix motif necessary and sufficient for homodimerization and sitespecific DNA binding. 8, 9 The proteins have been reported to have very similar biochemical properties. 10 They differ in their N-terminal transcription activation domains, but show high conservation (75-85%) within their DNA binding and dimerization domains, and they all bind to GC-rich sequences. 10 The cis-acting DNA sequences 5Ј-(G/C)CCCA(G/C)(G/C)(G/C)-3Ј and the palindromic sequences 5Ј-GCCNNNGGC-3Ј are considered as consensus AP-2 binding sites. 8, 11 The transcription factor AP-2 is highly involved in the development and function of the central nervous system. Thus, AP-2 has been identified as an important regulator of gene expression during embryonic development of many neural tissues including the midbrain, hindbrain, spinal cord, cranial and dorsal root ganglia. 1 From analyses of the specific expression patterns of the different isoforms of AP-2 during murine embryogenesis, it has been demonstrated that distinct expression of AP-2␤ becomes evident in the midbrain at embryonal day 11. This signal remains throughout all the investigated stages of later embryogenesis. 2 Several of the genes involved in midbrain CNS transmitter systems, of fundamental importance for behaviour, have AP-2 binding sites in their regulatory regions, eg, the genes encoding: dopamine ␤-hydroxylase (D␤H), dopamine transporter (DAT) (Gen Bank acc. No. U13956), dopamine D1A receptor (D1 A DR), aromatic l-amino acid decarboxylase (AADC), 5-HT transporter (5-HTT), rat 5-ht 2a receptor (5-ht 2a rec), and choline acetyl transferase (ChAT). [12] [13] [14] [15] [16] [17] [18] [19] [20] Since important genes encoding proteins in the dopaminergic, serotonergic and the cholinergic systems have binding sites for AP-2 in their regulatory regions, one might speculate that different isoforms of AP-2 influence mood and personality, not only due to their role during development of the brain, but also due to their function during adulthood.
In the present study we have investigated whether an intronic polymorphism in the human AP-2␤ gene is related to personality as estimated by the Karolinska Scales of Personality (KSP). The KSP include 15 subscales which have been shown to some extent to correlate with the TPQ and EPQ, eg, TPQ-harm avoidance subscales vs KSP anxiety-related scales. 21 Moreover, neuroticism-related KSP subscales are highly correlated with the neuroticism subscales in NEO-PI-R. 22 The AP-2␤ gene is located on chromosome 6p12-p21.1 and includes a polymorphism consisting of a variable number of [CAAA] repeats located in the second intron, close to the 3Ј-splice site of exon 2.
3 The [CAAA] sequence is repeated either four or five times. 3 The mean KSP scores on the 15 subscales were, in the present study, observed to be within the range of normal variation, ie none of the scores deviated markedly from a T-score of 50, which is the expected mean value in healthy individuals ( Table 1) .
In order to confirm that the correct PCR products were analyzed, we sequenced some of the amplified PCR products. Accordingly, sequence analyses confirmed that 4 13.9%. In the present sample, simple regression analyses did not reveal any significant correlation between the age or gender of the subjects and any of the personality traits that were estimated by the KSP. Moreover, chi-square analysis did not reveal any significant correlation between gender and specific AP-2␤ genotype. When analysing both males and females together (n = 137), two personality traits were significantly associated with specific genotypes of the studied polymorphism. Individuals having two long alleles displayed significantly lower scores for muscular tension and guilt on the KSP than individuals with at least one short allele (see Table 1 ). Moreover, when analysing females and males separately, further personality traits were significantly associated with the AP-2␤ intron 2 polymorphism. Females having two long alleles displayed lower scores for all anxiety-related personality traits than females having at least one short allele, three of those traits differing on a statistically significant level. Females who were homozygous for long alleles tended, according to the T-score figures, to have higher scores than large series of female, age-matched controls. The females homozygous for the long allele also differed significantly from the other group with lower scores on the aggressiveness-related trait indirect Molecular Psychiatry aggression (see Table 2 ). In contrast to females, males showed few differences. Thus, males having two long alleles only displayed significantly higher scores for indirect aggression, than males having at least one short allele (see Table 3 ).
Despite the fact that gender was not significantly correlated to any of the personality traits found to be associated with AP-2␤ genotype, opposite results were obtained between females and males on the association between indirect aggression and homozygosity for the long allele. In 1993, a gender difference with opposite scores for indirect aggression between males and females with regard to monoamine oxidase activity was reported by Helleday et al. 23 This gender difference in Tscores for indirect aggression is in line with our findings.
Transcription factor AP-2 has been identified as an important regulator of gene expression during embryonic development of many neural tissues, including the midbrain, hindbrain, spinal cord, cranial and dorsal root ganglia.
1 Therefore, one would assume that if the expression of AP-2 itself is altered during certain phases during embryonic development, the adult brain would consequently have an altered biochemical milieu. The dopaminergic, serotonergic and cholinergic systems are mainly located within the midbrain of an adult brain and are of fundamental importance for personality and a variety of psychiatric disorders (for a review see Hartmann et al 24 ) . Central dopamine and serotonin is crucial for most brain functions and imbalances in these systems have been implicated in psychiatric disorders, such as schizophrenia and bipolar affective disorder. AP-2 has several binding sites in the promoter regions of genes encoding key proteins in these transmitter systems. [12] [13] [14] [15] [16] [17] [18] Hence, the regulation of transcription factor AP-2 itself should be of great interest to study for an understanding of the expression of the mentioned candidate genes. We find it reasonable to speculate that AP-2 might play a role in the development of neurologic and psychiatric disorders. The significant differences in this study may be chance findings. Since the size of the sample is limited and many variables are tested, the risk of type I errors increase. With Bonferroni adjustments applied to the analyses performed, none of the relationships would remain statistically significant. Since the present investigation represents a new approach in studies of genetically complex CNS functions, we did not include the Bonferroni correction for multiple testing, in accordance with the suggestions of Perneger. 25 However, the reader should interpret the results with caution until they are replicated in future studies.
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Numerous papers have been published with data showing associations between transmitter receptor gene variations and psychiatric phenotypes. We here suggest a novel approach in the elucidation of which genes are involved in psychiatric disorders and personality, ie to identify transcription factor genes as candidate genes in psychiatric disorders and personality. In support for this notion we show, in the current study, that the personality traits muscular tension, guilt, somatic anxiety, psychastenia and indirect aggression, as estimated by the KSP, are significantly related to transcription factor AP-2␤ genotype. The fact that the investigated polymorphism is not located in a coding sequence, but in an intron, will raise the question of what is causing the observed differences in phenotype. Today, the functional importance of this variable region remains to be elucidated. One possibility is that this polymorphism is not of directly causative importance, but is a marker for another polymorphism in some other part of the gene, ie linkage disequilibrium. This other potential polymorphism could be located in a coding sequence, causing functional differences of the AP-2␤ protein. On the other hand, if the [CAAA] repeat by itself causes the observed differences in phenotype, one explanation could be that the sequence in the beginning of intron 2 is involved in the regulation of transcription efficiency of the AP-2␤ gene. Further studies will determine the role of this intronic polymorphism.
In conclusion, the present associations between KSP personality traits and the AP-2␤ polymorphism show that AP-2␤ influences functions in the central nervous system. It can be speculated that these events take place especially during development of the midbrain neurotransmitter systems and therefore give rise to specific personality characteristics in the adult. 
Materials and methods

Subjects
Subjects of the present study were volunteers living in the catchment area of the Karolinska hospital (Stockholm, Sweden). Individuals were randomly selected from the population register but stratified so as to obtain an approximately equal number of men and women within age intervals of 5 years. A total of 409 individuals were invited for a physical health examination as part of a survey initiated by the General Medicine Department of the hospital. The 283 volunteers who consented to participate and appeared for the examination were asked, towards the end of the interview, which was conducted by a physician, whether they would like to participate in a subsequent psychiatric interview study. A total of 184 individuals, 88 men and 96 women, volunteered to participate in the psychiatric interview study. Out of the 184 individuals, 137 (64 men and 73 women) consented to deliver blood samples for determination of genetic markers. Estimation of individual personality measures were performed on the 137 Caucasian volunteers, by use of Karolinska Scales of Personality (KSP). The KSP is a psychiatric questionnaire including 135 questions that together form 15 subscales which measure relatively stable personality traits. The 15 subscales are classified into five groups that cover different dimensions of temperament: (1) impulsiveness, sensation seeking and social withdrawal scales covering different aspects of extraversion; (2) psychopathy vs conformity scales; (3) anxiety-related scales; (4) hostility-related scales; and Molecular Psychiatry (5) aggressiveness-related scales. The KSP were developed to study relationships between personality traits and biological characteristics and have been normalised for use in the Swedish population and validated in a number of studies. 26 Determination of the AP-2␤ genotype was carried out on blood samples obtained by the subjects. Blood samples were drawn into Vacutainer ® (Becton Dickinson, Franklin Lakes, NJ, USA) tubes containing EDTA. The mean age of the participants was 40.0 years (SD 12.0 years) for the female subjects and 40.0 years (SD 13.0 years) for the male subjects. All subjects were unrelated individuals with no history of psychiatric disorders. The study was carried out with the permission of the Ethics Committee of Karolinska Hospital, Stockholm, Sweden.
AP-2␤ intron 2 polymorphism
From the 7-ml blood sample, 1 ml of whole blood was frozen at −20°C for genetic analysis. Genomic DNA was prepared from this sample by use of a Qiamp ® DNA extraction kit (Qiagen, CA, USA) and the DNA was stored at −20°C. For estimation of allelic genotypes, PCR amplification was performed in a 20-l volume of reaction mixture containing 100 ng genomic DNA, PCR buffer (10 mM Tris-HCl, 50 mM KCl, 2.5 mM MgCl 2 pH 8.3, Boehringer Mannheim Scandinavia AB, Bromma, Sweden), 400 M dNTP (100 M each of dATP, dCTP, dTTP, dGTP), 20 pmol of each primer and 2 units Taq-DNA polymerase (Boehringer Mannheim Scandinavia AB, Bromma, Sweden). The Molecular Psychiatry primers used were AP-2␤F (5Ј-CCTACCACCA-GAGCCAGGACCC-3Ј), AP-2␤R (5Ј-CCCCCCCTCCA-GAAGCATTCCT-3Ј). The PCR-reaction was amplified through 28 cycles on a RoboCycler ® 6 Temperature Cycler (Stratagene, La Jolla, CA, USA) and each cycle consisted of a 95°C denaturation step for 60 s, a 56°C annealing step for 60 s and finally a 72°C elongation step for 60 s. The PCR products (370 bp/366 bp) were analysed by electrophoresis on a 4% denaturing polyacrylamide gel containing 25 g urea, 33 ml water, 3.1 ml of 20 × GTB (1.78 M TRIS, 0.58 M taurine, and 10.7 mM EDTA), 8 ml acrylamide (19:1 acrylamide: bisacrylamide), 400 l 10% ammoniumpersulfate and 80 l TEMED. The electrophoresis was run at 1.7 kV for 2 h at room temperature. Prior to loading the PCR products were denaturated at 96°C for 2 min. Buffer used as running buffer was 1 × GTB. After electrophoresis, the PCR products were detected by silver staining. 27 
Cloning and sequencing of PCR products
In order to confirm that the correct region of the AP-2␤ gene was amplified, some of the PCR products were cloned using a pGEM ® -T Easy Vector System (Promega Corp, Madison, WI, USA). T-vector DNA was prepared from bacteria culture using a Wizard ® Plus SV Minipreps DNA Purification System (Promega Corp), and the DNA was stored at −20°C. Sequence analysis on a capillary gel was performed using a BigDye ® Terminator Cycle Sequencing Ready Reaction kit (ABI PRISM Perkin Elmer, Foster City, CA, USA) with AmpliTaq ® DNA polymerase on a ABI PRISM™ 310 Genetic Analyzer (Perkin Elmer).
Statistical analysis
The statistical comparisons between AP-2␤ genotype and KSP personality scores were done by use of analysis of variance (ANOVA) and Fisher's Protected Least Significant Difference (PLSD) test. All calculations were performed using StatView 5.0 software (SAS Institute Inc, Cary, NC, USA). Results have been considered statistically significant when P Ͻ 0.05.
